Dr. Helen Payling Wright: The problem of venous thrombosis is a very serious one for the surgeon and midwife. It has been estimated that pulmonary embolism follows roughly 1: 100 of all major surgical operations and that about one out of every six is fatal. The incidence of thrombosis is almost twice as common in females as in males and is most frequent after operations in which the abdominal cavity is opened and the pelvic viscera explored. It may, therefore, be of value to review the changes which occur in the blood in the days immediately following surgical operations, bearing in mind, also, that exactly similar changes occur after parturition, though in these cases the trauma is caused by excess pressure and bruising of the pelvic tissues and not by their section.
DISCUSSION ON POST-OPERATIVE THROMBOSIS Dr. Helen Payling Wright: The problem of venous thrombosis is a very serious one for the surgeon and midwife. It has been estimated that pulmonary embolism follows roughly 1: 100 of all major surgical operations and that about one out of every six is fatal. The incidence of thrombosis is almost twice as common in females as in males and is most frequent after operations in which the abdominal cavity is opened and the pelvic viscera explored. It may, therefore, be of value to review the changes which occur in the blood in the days immediately following surgical operations, bearing in mind, also, that exactly similar changes occur after parturition, though in these cases the trauma is caused by excess pressure and bruising of the pelvic tissues and not by their section.
The main chemical changes which occur during the post-operative period are a rise in fibrinogen content of the plasma and an increased activity of the prothrombin. The former substance was recently shown by certain Italian investigators to undergo a diminution in concentration immediately after operation and subsequently to increase by the third or fourth day to nearly double the pre-operative value. This raised level is maintained for several days but figures are not available for more than the first seven when the concentration is still well above normal.
During the same post-operative period the activity of the prothrombin in the plasma is also enhanced. Shapero and his colleagues in 1942 followed the prothrombin levels daily in a series of cases following surgical operations, and demonstrated that the activity, after a preliminary decrease in the first few days, became markedly increased and reached a maximum about the tenth day. These findings led him to believe that hyperthrombinmmia may be used as a premonitory sign in thrombo-embolism. The desire to be able to foretell the onset of thrombosis is, naturally, very great and recently Mayes has suggested that the presence of a form of fibrinogen, fibrinogen B, which has been described by Lyons in Australia, if taken in conjunction with the prothrombin times and the patient's daily temperature, will give a reliable method of prognostication. Fibrinogen B is an intermediate substance produced in the conversion of fibrinogen into fibrin. Thrombin can be shown to consist of two components, neither of which will, alone, convert fibrinogen into fibrin. The thrombin component A reacts with fibrinogen to form the intermediate product fibrinogen B, which normally passes rapidly into the fibrin form. Mayes suggests that in the pre-thrombotic state the fibrinogen B fraction, which can very easily be demonstrated by the addition of a solution of naphthaquinone to citrate plasma, is greatly increased, and that this increase is pathognomonic of incipient thrombosis. While I am sure that the method of testing for the fibrinogen B is satisfactory, I am less convinced that the interpretation put upon its presence in the post-operative patient is correct. In repeating this work recently I have carried out the test every four days in patients following operation and delivery and in all the cases under observation have found that the fibrinogen B content of the plasma is increased. This rise is usually first apparent on the fifth to seventh day and is invariably recognized by the tenth day. Simultaneous prothrombin estimations on the same blood samples showed an increased activity even in the absence of any clinical or demonstrable thrombosis. It seems likely, therefore, that these chemical changes in the blood invariably occur in the post-traumatic period and give little indication of the likelihood of the onset of thrombosis. Finally, if the fibrinogen B and the prothrombin are neither true guides to the onset of thrombosis we are left with the third only of Mayes' criteria of prognostication-the temperature-and it is well known how easily urinary infections, chest complications and even lactation can cause sudden and unexpected rises in temperature. It seems that at present it is not possible to use such biochemical changes in the blood to predict with any degree of certainty the onset of thrombosis, and the only safe course is to rely upon careful clinical observation of the patient in the post-operative and puerperal periods.
But the chemical changes are not the only ones which occur in the blood at this time. The importance of the blood platelets has long been known and the part that they play in the initiation of thrombi in injured blood-vessels by their deposition over the traumatized area is well recognized. It was not until 1928, however, that Howell Evans and his colleagues in Liverpool showed that the blood contained a greatly increased number of these elements in patients after operations and parturition. They found that the increase in numbers might be as great as 100% or mcre and that it usually became apparent on the fifth or sixth days, reaching a maximum about the tenth day and thereafter subsided to reach normality by the end of the third week. They also noted that the degree of increase in the platelet count was correlated with the severity of the operation, the more extensive the tissue damage, the greater the platelet response. In 1942, I was able to show that a further change in the platelets occurred concurrently with the increase in their numbers, namely that these blood elements become more adhesive. Observations made both on man after operations and delivery, and on experimental animals, proved that the increase in the stickiness of the platelets is maximal on about the tenth day and it appears that the new young cells which have entered the circulation in response to the stimulus of the trauma are responsible for this change in the adhesive properties of the platelets.
The correlation in time of both the chemical and the cytological changes of the blood, together with the incidence of thrombosis, are shown in fig. 1 Here, too, is an incomplete curve (C) showing the changes in leg circulation times in a patient confined to bed, a factor in thrombosis about which I wish to speak presently. The closely parallel courses followed by these curves and their relation to the curve for the incidence of clinical thrombosis suggest that all the reactions are brought about by some common stimulus. In an attempt to elucidate what part of the surgical operation called forth the response, I performed some graded animal experiments in which rabbits underwent successive operations of increasing severity, from hemorrhage and simple skin incision to splenectomy, and these observations confirmed that the extent of the rise in the platelet count is dependent upon the amount of damage to the tissues. It seems likely, therefore, that the stimulus to the bone-marrow results from the absorption of the products of tissue autolysis. This is further supported by the finding that a rise in the platelet count occurs after tissue damage other than that caused by cutting, and that the injection of necrotizing materials such as sterile silica dust or the exposure of the body to ultraviolet light are both followed by changes in the platelets similar to those occurring in surgical patients. Similarly, when tissue extracts or their products and especially the derivatives ofnucleic acid are injected into animals, a platelet response is observed which corresponds to that in surgical cases.
I shall now pass to more mechanical aspects of venous circulation. The importance of venous stasis was first stressed by Virchow almost a century ago and he also pointed out that eddies in the regions of venous valves, side branches and alterations of calibre of the vessels might play a part in the development and propagation of intravenous clots. These views are still widely held, and though it is now recognized that the thrombotic process usually starts in the small plantar and calf veins, and not in the femoral vein itself, yet it is possible that the spread of the clot into the venous trunks may well be influenced by the physical features present in the large veins. Formerly anatomists believed that Poupart's ligament played an important part in thrombosis by causing a constriction of the veins at the level of the pelvic brim. But the ligament seems to me to be too lax and too anterior to exert any pressure upon the vein at this place. To test this, I tried running a plaster-of-Paris mixture, which maintained its size unaltered on setting, into the veins of cadavers, from the midthigh region to the common iliac. The vein was first carefully washed out with saline and the plaster was then introduced at about normal venous pressure. When it was flowing freely from tle lower to the upper cannula, both ends were clamped simultaneously so that the pressure in the vein was maintained. After the plaster had set thoroughly, the cast was dissected out, giving an accurate picture of the shape of the femoral vein as it passes over the pelvic brim. Casts were taken from a series of cases and in all instances the veins showed a marked antero-posterior flattening as they passed into the pelvis. This flattening is caused by the vein lying almost directly on the bone as it passes from the leg to reach the posterior wall of the pelvis, and is unrelated to the overlying femoral ligament. The effect is best likened to the kinking of a piece of rubber tubing drawn over the edge of a table. The average of 16 pairs of vein casts shows that the actual cross-sectional area of the vein at the mid-point of the bone of the pelvic brim is smaller than in the unflattened part 5 cm. above or 5 cm. below this point. The measurements are of the order of 28 sq. mm. at the point of maximal flattening against 36 and 39 sq. mm. at points 5 cm. below and above this point. It seems likely, therefore, both that an area of weakness occurs in any clot propagated beyond this point and that some degree of stagnation must occur below the constriction at the pelvic brim. The slowing of the blood and the nipping of the clot at this point may well play a part in the formation of small emboli which break from the unattached surface of the thrombus and may be the site of origin of repeated emboli of non-fatal nature in cases of femoral thrombosis.
The making of the venous casts brought to light a further feature in femoral anatomy which is of interest to obstetricians and gynecologists.
Vein casts taken from bodies in the supine position show that there is little distortion of the vessel except for the flattening, whereas those obtained after the legs had been flexed to correspond with "Fowler's position" were bent almost to a right angle at the pelvic brim. This additional distortion is caused by the vein being bound down firmly in the femoral triangle by fascia, and must cause some further obstruction to the free flow of blood at this point and below it. The stagnation so produced must facilitate the propagation of any thrombus forming in peripheral veins of the leg. The further elucidation of the problems of stagnation in the legs of patients confined to bed is an aspect of the study of thrombosis with which I am now concerned. You will have noticed that fig. 1 included a curve of the retardation of circulation time as measured from the leg to the carotid sinus in patients confined to bed. This slowing was progressively noticeable for the first eight or nine days when it became almost steady at the reduced velocity. These figures are not, however, altogether satisfactory, first because they do not continue after the 13th day of rest, and secondly because they are not a direct measurement of the time required for the blood to pass up the leg. Leg-carotid time includes the time the blood takes to pass through the venous side of the greater circulation, the whole of the lesser circulation and finally the arterial time from the left ventricle to the carotid sinus. It is assumed that the slowing recorded in these observations is dependent upon stagnation in the legs, since arm-carotid time shows no such change, but there is no proof that this is so and that the hold-up is not in some other part of the circulation. My colleagues and I are, therefore, attempting to measure the leg venous times directly by the use of the radio-active isotope of sodium, sodium24. This is injected in the form of saline in the dorsal vein of the foot and the gamma emanations given off are recorded by a shielded Geiger counter placed over the femoral vein in the groin. The method appears to be satisfactory though at present we have made too few observations to be able to say either what the normal venous time is, or yet to assess the difficulties with which we may be faced. In one subject, however, we obtained an excellent example of the value of foot movement as a pumping mechanism to move stagnating blood along the veins of the leg. Na24 was injected into the foot in a subject known to have severe varicose veins. By the end of a minute no radio-active sodium had reached the counter over the groin. At that moment the subject flexed his foot dorsally a little and within two seconds a shower of gamma rays were recorded at the femoral vein. It was evident that the blood had been held up in the dilated vessels of the leg and that the slight movement was sufficient to massage it along at a much increased rate. I am sure that the importance of supervised and graded exercises and early ambulation cannot be over-emphasized in prevention of thrombus formation in the post-operative and post-parturient patient and that these are the only satisfactory methods of overcoming the stagnation factor in the formation of post-operative thrombosis. Dr. Magnus Haines: Pathology of post-operative thrombosis.-It is intended to confine these remarks to the morbid anatomy of non-septic thrombosis. Thrombosis, when recognized, causes the surgeon anxiety on two scores, (1) the patient's convalescence must be prolonged, and (2) the patient may die as a result of dislodgment of a thrombus or a portion of it. It is commonly recognized that the sites for thrombosis are the pelvic veins, the common, superficial and deep femoral veins. During the past decade interest has been revived in following the dissection of the leg veins to below the knee. The results have been (I) that in post-operative cases the oldest part of the clot has been found in the veins of the deep calf muscles, and in the popliteal, and (2) thrombosis in the same location has been noted in up to 25-50% of patients, mostly over 40 years of age, who died of a variety of conditions of no surgical interest, but who had been bedridden by their illness. These investigations have not, however, helped in any way to establish an answer to the question "how soon after an operation may thrombosis occur?" But at the same time it is obvious that thrombosis may be present even before operation in patients who have been in bed some time. A more detailed account has been given by Short.
Clinically it is important to remember that (1) Thrombosis is often symptomless and without physical signs.
(2) Time of onset is variable, not "ten to twenty-one days after the operation". (3) Most of the patients are over 40 years.
Convalescence may be prolonged because of the thrombosis or because of embolism. It is held by some that nearly all fatal embolisms occur in cases of unsuspected thrombosis. Embolism commonly occurs in one of two clinical forms, the second sometimes following the first. In the first we have embolism, usually pulmonary, leading to small infarcts. Pulmonary infarction lias a characteristic clinical picture, but I would stress that it may be silent in onset or the symptoms and signs, often atypical, may be misinterpreted, e.g. as pneumonia, basal collapse, paroxysmal tachycardia. The mechanism by which the thrombus becomes separated is not yet clear. In some cases, small pieces of the proximal end become emboli while in others the embolus is 45 to 55 cm. long. Undue friability of the clot may account for its fragmentation. It is probable that the "long embolus" results from some agent which breaks down the clot's anchorage to the endothelium. It is finally separated by intravascular friction associated with increased blood flow. I do not propose to deal with the prevention of thrombosis or its treatment. There can be little doubt that solutions of the many problems will be found, as indicated by Short (1947, Proc. R. Soc. Med., 40, 195) , in changes taking place in the plasma, and in the corpuscular elements of the blood, particularly platelets. Here I would call for a much more careful record-keeping by our clinical colleagues, with publications, of the incidence of post-operative thrombosis and non-fatal embolisms. As pathologists we have no difficulty about recording the fatal cases.
In order to gain some idea of the incidence of fatal pulmonary embolism we have reviewed the operations performed at Chelsea Hospital for Women from 1927 to 1946 inclusive. There were 55 cases of fatal pulmonary embolism in over 30,000 operations performed. Abdominal operations numbered 11,748 with 43 fatal pulmonary embolisms. "All other operations" showed 12 fatal embolisms. The twenty years can be divided equally and it is found that just over 15,000 operations were done in each period. Furthermore, a new regime of physiotherapy was operating during the second ten years. At first sight, the figures indicated gratifying results in the latter group. But it became apparent that other factors required consideration.
Thus from Table I it is seen that the total deaths per 1,000 operations have fallen steadily, on the average, during the whole twenty-year period, although they clearly cannot continue to fall at the same rate. If Y is the death-rate per 1,000 and X is the year, coded so that 1927 = 1, 1928 = 2 .. 1946 = 20: Y = 18-08-0-753 X ... approx.
This line is a very good fit to the data (see fig. 1 ), its slope is more than 10 times the standard error and is thus highly significant statistically. The departures of the observed death-rates from this line are no more than is to be expected by chance (X2[18] = 11 -69, P = 0-80 to 0 90) and a curve does not fit the data significantly better than this straight line. On the other hand deaths due to pulmonary embolism are not so clearly dependent on time as are the total deaths. During the first ten years there is no indication of a changing death-rate. Such changes as occur in the second ten years relate only to abdominal operations. In order to examine the likelihood that the abdominal pulmonary embolism fatality rate during the second ten-year period differed from that during the first, a X2 test was made, grouping the data so as to obtain expected numbers of not less than about 5 on the hypothesis that a uniform death-rate of 3 660 per 1,000 held throughout the twenty years. On this hypothesis, the expected and actual deaths are shown in Table II Procdings of the Royal Society of Medicine Thus, there is a statistically significant difference between the fatality rates for the two ten-year periods, but no evidence of further discrepancy. The chance is approximately 40. to 1 that the death-rate fell in the second ten-year period as compared with the first, and the best estimate of this fall is from 4-72 per 1,000 operations to 2-22 per 1,000. It should be noted that this is very much the same as the general fall in all deaths of from 14-1 per 1,000 in the first period to 6-0 per 1,000 in the second.
It is hoped that when the next ten-year survey is reported, a still greater reduction in fatality rate will have been achieved as the result of efficient use of anticoagulants.
Mr. A. Dickson Wright: Post-operative complications have one by one been circumvented by improvements in the performance of the operation and the administration of the anesthetic combined with more rational treatment before and after the operation. In addition, these complications themselves, if they should develop in spite of all precautions, can be treated much better with modern agents. The occurrence of venous clotting after operations and childbirth is an accepted fact although some are inclined to minimize it and say that it never occurs in their personal practices. This attitude is not correct or fair to patients, the condition is prevalent enough to be taken seriously, it is dangerous to life and will, if recovered from, leave disabilities and miseries for thetrest of the patient's lifetime. There is a certain reluctance to take precautions against the condition because it is said to be so rare, and when the condition has developed in spite of its rarity, precautions are not taken against embolism because that in its turn is stated to be rare also, and finally all the resources of treatment are not employed to ameliorate the condition. The sequelk are remote, frequently not developing seriously till twelve years later, and their inevitability is not realized by all. A greater feeling of responsibility to prevent post-operative thrombosis should be evident, and when unfortunately it does occur, embolism must be prevented and everything possible done to reduce the severity of the local condition so as to leave the patient with as little crippling as possible. Earlier speakers have stressed the post-operative blood changes which conduce to intravenous clottings and to these I would like to 4dd one more, viz. the increased sedimentation of the blood cells which leads to more concentrated blood and increased blood viscosity in the lower parts of the body, especially if the patient is sitting in bed.
Apart from the hiematological factors there are certain mechanical factors which play a part. The Fowler's position causes venous stagnation in the legs and pelvis and should be abandoned; it has been now shown to be of little advantage in peritonitis for which it was invented, and it could safely be allowed to slip into the limbo of the past except in very special circumstances. Patients like to sit up in the daytime, but they should get down at night and for their afternoon siesta and be encouraged in every way to sleep upon the side. Early ambulation is becoming rapidly accepted, and expected and enjoyed by the public and the nursing profession (the bed-pan may become soon a museum piece). Early ambulation is not possible with catgut suturing of the abdominal parietes and interrupted silk stitches or a continuous steel wire stitch will have to be used. This means that operations will take a little longer but the patients will get well quicker. In addition the operation itself should be gently done and blood must not be shed needlessly, because the less the trauma and the less the blood loss the less the thrombosis incidence. Starvation before or after the operation must be reduced to the minimum, and purgation should be restrained. It is a bad custom to put the patient to bed for several days before operation. This is sometimes done to get the patient relaxed and accustomed to his new surroundings or more often to suit the surgeon's convenience or operating days. A very dangerous type of case is the one handed over by the physician after a long sojourn in bed for medical treatment which, when it fails, leads to operation. With early ambulation, bed exercises have lost their importance, but if the patient does not get up the day after the operation, then he should do some deep breathing and muscle twitching before he does.
There is one type of case requiring special consideration and that is the thrombophilic individual with a long history of thrombosis on the slightest provocation who now has to face unavoidable operation. Such patients must never have pyelographies, cholecystographies or anesthetics by the intravenous route. At the time of operation it is well to tie the superficial femoral veins and for three weeks or even longer after the operation to keep the patients under heparin and dicoumarol therapy. A bad family history of thrombosis or embolism would also justify these measures, as would splenectomy with its bad record for thrombosis and embolism. If a fatal embolism occurs in such a case, with all concerned fully aware of the danger, it will soon be hard to exculpate the surgeon in the present state of knowledge if he has not taken the precautions mentioned.
After operation there are many different manifestations of thrombosis, and it is essential to be on the look-out for them so that prompt measures can be taken. The various situations which may confront the surgeon are as follows:
(1) Pulmonary embolism.-The majority of first pulmonary embolisms are small ones and frequently are diagnosed as pleurisy and put down to post-operative chill from sweating, cold corridors and so on; the one small tell-tale disc of blood-stained sputum produced twenty-four or forty-eight hours after the pain is not noticed, or if noticed, not reported. It would be safe to generalize and state that every case of stitch-like pain in the ribs after an operation is an embolism and, furthermore, a warning of others to come and a 30 %Y chance of fatality. A second important generalization is that the embolism originates in the po3terior tibial veins, and even if not clinically evident, the ligature of both superficial femoral veins should be carried out at once; this done one need have no further anxiety on the score of embolism. Heparin and dicoumarol therapy is also employed after the ligatures to make assurance doubly sure. It often happens that after a bilateral ligature the affected leg, not apparent clinically, generally the left, will disclose itself by swelling up while the other shows no change of any kind; the amount of this swelling is greatly reduced by anticoagulant therapy possibly combined with lumbar ganglionic block.
(2) Thrombosis of varicose veins after operation is very worrying. These veins themselves never manufacture emboli, but the thrombus may extend to the saphenous or popliteal opening and involve the deep veins, or-more important-the post-tibial veins may also share in the general insidious tendency to clot and do so, as they often do, without producing any clinical signs. On the whole I think it safest to ligate the common femoral veins above the saphenous openings in these cases.
(3) Thrombosis of normal superficial veins either spontaneously or following venoclysis. In these cases the legs should both be carefully examined for deep thrombosis, and if this is the only lesion ligature of the common femoral vein should be done on the same side above the saphenous opening. It is best to avoid the leg veins entirely for venoClysis and only resort to them in dire necessity when the arm veins are exhausted.
(4) Phlebothrombosis of the posterior tibial veins is a very insidious condition and is frequently missed. The pain is not great and is not reported by the patient who thinks it is a " muscular strain", and frequently there is no pain at all. The condition will only be discovered by routine examination of the lower calves for tenderness and pain in the same region on dorsiflexion of the foot (Homans' sign). The condition sometimes produces a steadily rising pulse-rate (Mahler's sign) and a mild pyrexia. Once discovered the condition must be regarded as urgent and dangerous and ligature of the superficial femoral vein made at its junction with the deep vein on the affected side. The usual anticoagulant therapy follows the operation.
(5) Massive femoral thrombosis thrusts itself on the attention, but it cannot be too strongly stressed that it is often preceded by the less obvious conditions above (1, 2, 3 and 4) and if steps had been taken in time, this final denouement would not arrive and much trouble avoided for all. Phlegmasia alba dolens in full flower is an awesome sight. The leg, soapywhite or cadaveric blue, ice-cold from sweat and blown up as tight as a football, produces great systemic disturbance if development is rapid by the great abstraction of fluid from the rest of the body. When both legs are inflated simultaneously the abstraction of fluid may be so great as to produce a fatal outcome. On two occasions I have been able by administration of intravenous saline to snatch a moribund patient from the grave; in one case the collapse was thought to be due to pulmonary embolus and in the other to a cardiac infarct. A litre of intravenous normal saline was enough to make the diagnosis clear. In phlegmasia alba dolens it was customary in other days to stand helplessly by, give morphia to the immobilized patient and watch the condition progress, frequently spread to the other leg and finally slowly defervesce; after six to twenty-four weeks of extra bed the patient would get up crippled for life. Thanks to the genius of Leriche this is no more; he pointed out that the leg was cold and icy and it was easy to alter that, and that done, other benefits might accrue. The lumbar ganglia are injected with novocain immediately the condition is manifest, the leg warms, arterial and venous spasms disappear, the blood flows freely, the vicious circle is ended and the swelling starts to go down; no more morphia is needed and generally within a week the patient, with appropriate support for the leg, is out of bed. Most important of all, the permanent damage is lessened, and we can hope that twelve years later there will be a reduction if not an absence of the hitherto inevitable pigmentation, ulceration, eczema, callous cedema and recurrent phlebitis which we see at present. For many years tentative efforts in which I have joined from time to time have been made to extract the clots from the femoral veins so as to diminish the permanent effects. Phlebography as practised by Dos Santos promises to put this on a more rational basis, and the extent of the clot can be accurately defined and a suitable operation planned with good prospects of success.
(6) Iliac thrombosis is of special interest to the gynecological surgeon. There is no doubt that the iliac vein close to the operation area is the initial starting-point in certain cases of femoral thrombosis but in only relatively few cases. The more usual thing is for it to start 7 23 in the posterior tibial veins, as with all abdominal operations and spread up the femoral veins to the iliacs which with their traumatized branches readily join in, and sometimes the lower end of the vena cava and the opposite common iliac are affected. The condition is treated by lumbar ganglionic block, inferior vena cava ligature if pulmonary embolism occurs and possibly in the future by phlebography and thrombectomy. Ligature of the inferior vena cava is also indicated whenever pulmonary embolism occurs after femoral ligation, which is very rarely. It seems opportune to repeat that heparin and dicoumarol therapy is employed in all these post-operative thromboses, and the dosage is 12,500 units of heparin intravenously at 8 a.m., 10,000 at 12 noon, 4 and 8 p.m. and 12,500 at midnight for two days and then the dicoumarol, which has been administered simultaneously by mouth for these two days, takes effect. The dose is 300 mg. the first day, 200 on second and third days and subsequent doses to keep the prothrombin time 220% of normal. The heparin for the first two days should keep the clotting time at twenty minutes. Some surgeons fear dicoumarol and use heparin for the whole of the dangerous period, but the admninistration is expensive and troublesome for long periods.
Although the legs are the site of nearly all post-operative thromboses, certain cerebral, cardiac, retinal and intestinal thromboses occur at the same intervals after operation as do the leg thromboses, and are really post-operative complications. They are too rare to be treated in anticipation but if occurring after a leg thrombosis, some regrets would be felt if anticoagulants had not been used. Thrombosis of the arm veins following pentothal or venoclysis is annoying rather than dangerous and requires no treatment. Arterial thrombosis after operation occurs in severe degrees of thrombophilia and one such patient who, against my advice, had ligation of varicose veins carried out, suffered the loss of an arm and a leg from this cause. Patients with fibrillation are more prone to form auricular clots after operation and embolize to the systemic arteries. This is especially common after operations for thyrotoxicosis.
The price of freedom from post-operative thrombosis is unrelaxing vigilance. The first signs must be watched for in the proper place, below the calves, under the ribs and on the temperature chart, and there must be no hesitation in applying the proper treatment, drastic as it may seem. It is a well-known fact that the relatives of the person deceased from embolism are prone to be very vindictive, very often without reasonable grounds, but, from now on, they will show even less mercy and may even exact retributions for precautions left untaken.
Mr. Leslie Williams: Though the subject under discussion is post-operative thrombosis much that is said must apply equally to puerperal thrombosis. We gynecologists have had a sinister reputation in the past, for having our work complicated by venous thrombosis. I do not think that thrombosis nowadays follows gynecological operating any more than it does general surgical work. Nevertheless, we all do meet cases from time to time and we are still enthusiastic to discuss prophylactic measures and all methods of treatment.
My interest in venous thrombosis was first aroused in the time of the Isolation Block of Queen Charlotte's Hospital. There a few of us, at times, tried to prevent spread of bloodstream infection by ligating veins along which we judged infected clot to be spreading. Sometimes we tied the ovarian vein on one or other side and sometimes the two or three veins which return the blood from the pelvic organs to the iliac trunk. This treatment has become more or less obsolete since the advent of chemotherapy and we are now more interested in thrombosis in veins from the legs.
The whole basis of the modern ideas of treatment of this form of post-operative thrombosis is the knowledge that these thrombi practically always start peripherally in the small deep veins in the calf and almost never in the iliac veins.
At first-these thromboses are more or less silent and perhaps at times diagnosable only by intravenous injection of some radiopaque substance and subsequent X-rays. This method has never gained much favour in this country and many regard it as dangerous. In any event it may be unnecessary since I gather from Mr. Dickson Wright that daily palpation of the calf muscles will elicit tenderness in the very early stages of thrombosis and that pain on dorsiflexion of the foot is an equally early and valuable sign.
More commonly we have to deal with an established thrombosis which is recognized by pain as well as early tenderness in the calf, or by the development of "white leg". Sometimes the sudden appearance of pulmonary embolus is the first appreciable sign.
PROPHYLAXIS
In the attempt to minimize the dangers of thrombus formation, the early employment of massage, active and passive movements, &c., is now almost universal. Early rising after labour, the patient perhaps being allowed up on the second or third day, has quite a number of advocates. It has many points to recommend it but the idea is not so popular for post-operative cases. Admittedly, some surgeons get their patients up very early, but the patients do not like it. My practice is still rather conservative, both obstetric and gynicological patients not being allowed up until the tenth day, or later.
With reference to the value of graduated post-operative exercises conducted under the direction of the ward sister and sometimes to the accompaniment of music, I should like to quote the very striking summary of Sir William Fletcher Shaw's article in the Journal of Obstetrics and Gyneeology of the British Empire, 45, No. 3, 451 . "In two institutions in wards under the care of the same gyn=ecologist, admitting the same type of patient, with the same pre-operative and post-operative treatment-except that in one systematic graduated post-operative exercises were given and not in the other-this gynxcologist performed 1,635 consecutive operations in the hospital with graduated exercises with an incidence of fatal pulmonary embolism of 0X06 %. " In the other hospital without graduated exercises the same gynaecologist performed 3,618 operations with an incidence of fatal pulmonary embolism of 0-304%, a percentage incidence five times as great as in the other group.
To turn now to some of the more modern treatments. It is well recognized that even cases of sudden and severe pulmonary embolus can now be saved by using large doses of heparin immediately. It is probable that we have been using far too small a dose in this country.
We have been using such quantities as 5,000 units, in reality this is only 50 mg. and quite inadequate.
There is confusion nowadays because the dose may be referred to as milligrams or units. All that need be remembered is that 1 mg. of pure Toronto heparin corresponds to 100 units. Now, the usual preparation available is Liquemin Roche, which is put up in 5 c.c. ampoules, containing a total of 50 mg. To give a dose adequate for a case of pulmonary embolus would thus mean giving 2+ ampoules (125 mg. 12,500 units) immediately and 2 ampoules at five-hourly intervals. To avoid waking a patient it is wise to make the last dose at night 21 ampoules, i.e. 125 mg.
The net cost to a hospital of one ampoule is 8s. 4d. The cost of 1 dose therefore averages about £1 and the daily cost in the region of £5 to a hospital. We private practitioners would pay much more. The concentrated solution which used to contain 5,000 units per c.c. unfortunately appears to be unobtainable at the moment. In any event, the cost of the treatment will be about the same, for 1 ampoule of this concentrated solution used to cost £2 net to hospitals. Heparin is always given intravenously and intermittent injections seem preferable to continuous dilute transfusion. It is merely a matter of drawing the contents of 2 or 21 Liquemin ampoules into a 20 c.c. syringe and injecting it slowly, intravenously.
Temparin is another available and cheaper anticoagulant but it has a tim.-lag of fortyeight hours or thereabouts. So heparin must be given for the first two days. At the same time, temparin is started and it can be expected to take over anticoagulant duties in about two days' time. The initial dose should be 300 mg. 200 mg. is given on the second and third days. No more temparin is given until the prothrombin time is estimated. This is usually done on the fifth day and if a correct increase has taken place, maintenance doses of approximately 100 mg. daily are given. Temparin is always given by the mouth. No advantage is gained by giving it intravenously or intramuscularly. But its effect must be checked by repeated estimations of the prothrombin time. It is most remark1able to observe the differences of response to temparin in different patients.
The exact mode of action of heparin appears to be unknown. The action of temparin has been aptly described as that of a toxic narcotic to the liver cells. It thus prevents the formation of prothrombin. In estimating the prothrombin time several methods are used and it is necessary that the report should show the normal finding and the finding in the tested blood. It is desired to rather more than double the prothrombin time. If 25 be said to be the normal, one would want to find a figure of 55 to 60. If this is achieved the blood prothrombin is down by about 80 %.
Embolectomy and pulmonary embolectomy are heroic surgical adventures! Ligature of the femoral vein on both sides following the discovery of thrombosis in the veins of one or both calves seems to me just a wild piece of blood-and-iron surgery. Admittedly the ligation is done distal to the profunda femoris but even so it is, I think, an example of exalting technique at the expense of judgment even when one appreciates the horror of a fatal pulmonary embolus that occasionally will follow the development of venous thrombosis starting in the calf. This is, after all, a rare happening and its rarity to my mind condemns this treatment and makes ridiculous the practice of one American who ties both femoral veins as a preliminary to abdominal section.
Paravertebral sympathetic block, on the other hand, is a treatment of which I speak with almost unqualified praise. When I first read up the work of Leriche, Ochsner, De Bakey and others I got Mr. Dickson Wright to do a sympathetic block on two patients, one a white leg in pregnancy and the other a similar condition in the puerperium. The relief was 9 25 really dramatic. In any successful case the improvement in the general condition of the patient and the local condition of the affected limb is quite striking. The ill, pain-wracked and miserable patient is, within a matter of twenty-four hours, quite a different person. The cold white painful limb is comparatively warm and much less painful, sometimes within half an hour.
It is curious that in these cases of massive thrombosis we have the paradox of a cold swollen limb in a patient whose skin elsewhere is hot; and though the lesion is venous the symptoms and signs are the result of arterial spasm. This spasm is the cause of that damage which makes sympathetic block such a valuable treatment; for by interrupting the reflex, the arterial spasm is relieved, vasodilatation occurs and relief is gained. The same break in the reflex arc can be produced by a spinal anesthetic, or by a high extradural aneesthetic.
But I am advised that the effects produced by these methods may be much more short-lived than those produced by sympathetic block. Once relief of vasospasm is produced by this latter method, the effects appear to be permanent.
The operation itself is far from pleasant. A needle prodding its way along the sides of a vertebral body can be quite offensively painful. And indeed patients dislike the treatment intensely. But once some of the aniesthetic solution has been injected the rest of the operation becomes progressively less painful. Remember, however, that four or sometimes five places are injected.
Sometimes the needle point enters the aorta or the vena cava! It is therefore essential to withdraw the plunger each time before any novocain is injected to be sure of avoiding injection directly into the blood stream.
A great deal of novocain is used-up to 1 gramme. So an occasional toxic effect may be expected. A handy dose of pentothal ready for intravenous injection might come in useful as it would at once abolish novocain convulsions.
Lastly, the method must be applied early-as soon as thrombosis can be diagnosed. It may occasionally give relief in a case of established white leg of several days' duration. But if the treatment is applied early, and if the novocain solution is correctly placed in the neighbourhood of the sympathetic chain by perhaps two or three of the injections, one can be really confident of securing a most remarkable improvement. I highly commend this treatment.
To recapitulate: I strongly recommend immediate intravenous heparin treatment and immediate dicoumarol (temparin) oral treatment together with paravertebral sympathetic block for any patient in whom venous thrombosis in the deep veins of the leg is diagnosed. But I will not, as yet, have anything to do with ligature of the femoral veins, to say nothing of caval ligation.
Dr. K. P. Ball: I should like to describe briefly the treatment of venous thrombosis and pulmonary embolism with the anticoagulant drugs heparin and dicoumarol, which has been in use for the past year at Central Middlesex County Hospital. The 46 cases treated have been drawn from all departments of the hospital-medical, surgical and obstetricbut I shall pay special attention to the cases of thrombosis occurring during the puerperium. Special stress is laid on the prophylaxis of venous thrombosis by active leg exercises for all patients confined to bed; particularly following childbirth. The early diagnosis of venous thrombosis is considered to be of paramount importance. A careful watch is kept for such early symptoms and signs as pain in the calf which is. often worse at night, deep tenderness in the calf muscles, pain in the calf on dorsiflexion of the foot (a sign first described by Homans) and inexplicable temperatures. Following early diagnosis, treatment can be commenced when the thrombosis is limited to the calf and before the fully developed white leg has occurred. Treatment with anticoagulants does, in my experience, prevent the spread of the thrombosis from the calf to the thigh.
A combination of heparin and dicoumarol is used. Heparin is given by intravenous drip transfusion at a rate of 1,000 to 1,500 international units per hour for forty-eight to seventytwo hours. Dicoumarol is commenced at the same time, as its anticoagulant effect does not occur for two to three days. 300 mg. are given by mouth on the first day and 200 mg. on the second day. Estimations of the prothrombin index are performed daily after the first fortyeight hours. The aim is to lower the prothrombin index to between 40 and 60 % ofnormal, and dicoumarol (usually 100 mg.) is given daily until this level is attained. When the patient is fully ambulant, usually after one week, the dicoumarol is omitted. In the puerperal cases an average of 60,000 I.U. of heparin were given over fifty hours and an average of 1,000 mg. of dicoumarol were given over 6-5 days.
Active exercises are commenced after forty-eight hours, the patient being encouraged to get up as soon as possible. Pain in the leg usually disappears within a few days, so that the patient is anxious to get out of bed. Toxic 
REACTION
There is a certain risk of hemorrhage occurring from the use of dicoumarol and because of this, accurate estimations of the prothrombin index must be performed daily. In the present series of 11 puerperal deep thromboses only 2 developed a red lochia for a few days, and one of these patients also had a small epistaxis. The incidence of hiemorrhage in all cases treated so far (medical, surgical and obstetric) is about 25%, including minor hemorrhages. In only one patient was the himorrhage serious, however, and she responded well to intravenous vitamin K (150 mg.) and a fresh blood transfusion. With more careful control the incidence of himorrhage should be reduced in future.
RESULTS
During the past year 11 cases ofpuerperal deep thrombosis have been treated and my thanks are due to Mr. J. S. MacVine and Miss M. A. M. Bigby under whose care they were confined. Similar results have also been obtained in the surgical cases. Owing to the very satisfactory results, it did not seem justifiable to use alternate cases as controls. Instead the records of women confined between 1942 and 1946 were surveyed by Mr. R. A. Kinch who found that 16 cases of definite deep thrombosis had occurred during these years. They had all been treated conservatively with complete immobilization. These were compared with the cases treated with anticoagulants for: (1) Length of stay in hospital; (2) length of confinement to bed after the thrombosis had developed. It is suggested that the difference in the incidence of thrombosis in the two series is due to too few cases being diagnosed from 1942-1946, as the incidence during the past year of 0-6% is itself lower than in many series. Consequently, it must be admitted that the more severe cases from 1942-1946 are being compared with all cases during the past year. But this could only account for a small part of the very striking difference between the two series. Furthermore, the present results showing a reduction of the recumbent period from forty-five days to eight days are confirmed by Bauer (1946) . He found that the recumbent period due to the thrombosis had been reduced from forty days in 264 cases with conservative treatment, to 4-7 days in 209 cases using heparin. Zilliacus (1946) found that the stay in bed was reduced from 35-1 days in 214 cases treated conservatively to between 8-1 and 10-5 days in 103 cases, using heparin and dicoumarol together.
In conclusion, I submit that the present treatment shortens the stay in hospital of these patients to about three weeks and the stay in bed to about one week. It has reduced the risk of pulmonary embolism and is likely to diminish greatly the percentage of disabling after-effects which so often cause such distress to these people in later years.
ZILLIACUs, H. (1946) Acta med. scand. Suppl. 171.
Mr. V. B. Green-Armytage said that the work of Dr. Payling Wright was of sterling importance in the understanding of this condition, but what he would like to ask was why embolism and thrombosis were so rare following pelvic operations from below. This was a fact that had been observed by many American writers and despite the tissue trauma which must follow vaginal hysterectomy, or Fothergill's operation, it was a remarkable fact that complications were very rare. In a series of 4,000 vaginal operations the speaker himself had never seen a case of embolism or thrombosis, though following myomectomy or ordinary laparotomy for gynecological lesions it was found to occur in one in every 480 cases.
For many years the speaker had never employed the Fowler's position for any kind of gynecological operation and had made it a constant rule that patients should get out of bed on the third or fourth day. There was no reason why the trauma of vaginal operations should be exempt from thrombosis, whereas that in the closed cavity of the abdomen was so far from exempt. [November 21, 1947] A Note.on the Centenary of the Use of Anaesthesia in Obstetric Practice by J. Y. Simpson By Professor J. CHASSAR MOIR, F.R.C.O.G., F.R.C.S.Ed.
IT is altogether fitting that we in this Section of the Royal Society of Medicine, direct descendants of the oldest Obstetric Society in Britain, should mark and honour the centenary of the event that has probably been the greatest single landmark in the evolution of our specialty. On January 19, 1847, anesthesia was used for the first time in childbirth. James Young Simpson of Edinburgh was the man concerned, and sulphuric ether was the substance used. The experiment was quickly repeated by Simpson and his colleagues, and soon by obstetricians in widely different medical centres. The subsequent order of events seems to have been as follows. In France, it was first used on January 27 by Fournier-Deschamps. On February 8, it was employed by Baron Dubois who, on February 23, reported its use to the French Academy of Medicine. In London, it was used on February 13 by Dr. Murphy and, later, by Dr. Prothero Smith. In Germany, Professor Martin of Jena used it on February 24, and in America (the birth-place of ether anesthesia), it was used on April 7 by Dr. Keep of Boston.
By the introduction of anesthesia into midwifery it became possible not only to lift at will the pain of labour but-and perhaps this was even more important and significant-to employ, in good time, necessary obstetric operations-operations that hitherto, if used at all, had been used as a desperate effort to save a mother's life when all else had failed, and used with the certain knowledge that the patient would thereby be subjected to almost unendurable suffering.
It is perhaps not now clearly realized how daring the deliberate production of insensibility seemed to the workers of those days. It was at first supposed that the method could be
